Phytophthora ramorum is a destructive pathogen of oak and tanoak in California and Oregon (10, 31, 33) and also causes disease symptoms on a large number of other plant species (7, 15) . Quarantines have been in place since 2001 to prevent the spread of P. ramorum from infested areas (1, 28) . A federal order went into effect on 10 January 2005 in response to detections of P. ramorum in California, Oregon, and Washington commercial nurseries and was replaced by an enhanced interim rule on 26 February 2006 (42) . On 27 February 2007, restrictions were placed on the interstate movement of nursery stock in nonquarantined counties in California, Oregon, and Washington; interstate movement of all other nursery stock from quarantined areas was restricted; and the lists of regulated plants and quarantined areas were amended (29) . The current list of P. ramorum hosts (43) includes 45 proven and 72 associated plant hosts, all of which are now subject to regulation.
The economic losses to growers associated with P. ramorum quarantine efforts have been high (4, 10) . The likelihood that P. ramorum will one day become established in the Eastern United States keeps growing, due to the steady occurrence of positive P. ramorum finds in Eastern states that have suitable hosts and climate for disease development, and which receive plants from California, Oregon, and Washington (2, 10, 38, 46) . Modeling has been performed to assess which areas of the Eastern United States are at highest risk of potential establishment of P. ramorum (20, 37, 44) .
Understory hosts susceptible to P. ramorum exist in California (11, 30) as well as Oregon forests (12, 14) . However, there exist notable differences between California and Oregon in the epidemiological role played by California bay laurel, also known as Myrtlewood (Umbellularia californica) (13) . California bay laurel is known to play a major role in driving epidemics in California forest ecosystems (5) , whereas in Oregon, Myrtlewood is seldom infected (13) . In both regions, foliar infection of various understory hosts is considered to serve as an important source of inoculum that may then be spread to oaks and tanoaks by various means such as rainsplash (6) (7) (8) . Oaks originally were considered to represent a "dead end" epidemiologically because no sporulation had been observed to occur on them (30, 33) . However, Vettraino et al. (45) showed that P. ramorum was able to sporulate on coast live oak leaves, even though the role this phenomenon may play in the epidemiology of the disease may be far less that that played by the role of California bay laurel (8) .
Several species native to other parts of the world have been screened for susceptibility to P. ramorum. An important Australian native species, Pittosporum undulatum, is susceptible to P. ramorum (16) . Also, an assortment of Mediterranean shrubs were susceptible to P. ramorum (26) . Eastern U.S. oak forest ecosystems are comprised of many understory species, in addition to mature oak species, that could potentially become infected by P. ramorum should it be introduced in an area where climate was suitable for infection and disease development. Several studies have been performed that have evaluated some Eastern U.S. native species for susceptibility to P. ramorum. Tooley A large variation in susceptibility of these native species was observed, measured both by lesion areas produced by P. ramorum and in terms of chlamydospore numbers produced in host tissue.
The susceptibility of seedlings of several oaks from the red and white oak groups including two Eastern U.S. native species, Quercus rubra (northern red oak) and Q. palustris (pin oak), was evaluated using stem inoculation with agar plugs of P. ramorum (32) . Lesions in the bark of both species were longer than those developed in coast live oak (Q. agrifolia) and California black oak (Q. kellogii). Tooley and Kyde (39) also used stem inoculation to test seedlings of eight Eastern native oak species as well as sugar maple (Acer saccharum) and black walnut (Juglans nigra) Twenty-five plant species (21 genera, 14 families), which comprise a portion of the understory in forests of the Eastern United States, were evaluated for susceptibility to infection by Phytophthora ramorum. The degree to which P. ramorum is able to form sporangia and chlamydospores was also assessed on these hosts. Seedlings were spray-inoculated with a mixture (4,000 sporangia/ml) of four P. ramorum isolates followed by incubation in a dew chamber at 20°C in darkness for 5 days. Percent infection on individual leaves/leaflets was assessed visually. Mean percent leaf area infected ranged from 0.7% for Smilax rotundifolia to 93.8% for Kalmia latifolia. Eight plant species tested developed significantly larger lesion areas than those found on susceptible control Rhododendron 'Cunningham's White'. Fourteen species in addition to the susceptible control exhibited infection of over 90% of their leaves. Sporangia production by P. ramorum varied considerably among plant species, ranging from 36 per cm 2 lesion area on Myrica pennsylvannica to 2,001 per cm 2 lesion area on Robinia pseudoacacia. Numbers of chlamydospores produced per 6-mm-diameter leaf disk incubated in a P. ramorum sporangia suspension ranged from 25 on Ilex verticillata to 493 on Rhus typhina. The results indicate that many common understory species in Eastern U.S. forests are susceptible to P. ramorum and capable of providing ample sources of inoculum (sporangia and chlamydospores) for forest epidemics should the pathogen be introduced and should temperature and moisture conditions exist that are conducive to disease development. and found all species to sustain stem lesions by P. ramorum, in some cases greater than those observed on the susceptible control, coast live oak. These workers also reported results of foliar inoculation of Eastern U.S. native oak species Q. prinus, Q. alba, Q. rubra, Q. pagoda, Q. laurifolia, and Q. virginiana. Linderman et al. (22) screened plants native to the U.S. Appalachian range using detached leaves, wounding plant tissue prior to inoculation, and inoculating using either sporangia or agar plugs containing mycelium of P. ramorum. These workers observed a wide range in susceptibility in these species, rated in terms of lesion area; however, sporulation of P. ramorum on the host species tested was not assessed.
Evaluation of susceptibility of additional understory species and sporulation capacity of P. ramorum on such species is merited to determine whether susceptible understory hosts may exist upon which abundant sporulation could occur that may fuel Eastern epidemics. Such information would aid in monitoring efforts (37, 41, 46) so that inspectors may become aware of which species are most likely to sustain disease, and thus focus more attention on surveying those species. The information will also be important for pest risk assessment studies and modeling efforts (3, 20, 23, 24) designed to determine the potential threat posed by P. ramorum to Eastern forest ecosystems. Thus, we evaluated the susceptibility of 25 plant species that are important members of the understory in Eastern U.S. forests, and also assessed the capacity of P. ramorum to produce sporangia and chlamydospores on these hosts.
MATERIALS AND METHODS
Selections of species commonly found in western Maryland hardwood forest understories (Table 1) were made based on species composition and abundance as presented by Yorks et al. (48) . While understory species diversity is much broader across the range of high risk eastern hardwood forests (37) , the selected species represent a sizable range of known host families and genera. Two susceptible controls were included in the experiments, Rhododendron 'Cunningham's White' and Syringa vulgaris, which are susceptible and support high numbers of P. ramorum sporangia (36, 40) . Two-to 3-year-old seedlings of most selected species were purchased commercially, whereas Acer rubrum, Rhus typhina, and Rubus allegheniensis were started from seed. A. rubrum when used were 6 to 8 months of age, R. typhina were 4 to 8 months of age, and R. allegheniensis were 5 to 9 months of age. Lonicera japonica, L. sempervirens, Rosa multiflora, Smilax rotundifolia, and Viburnum dentatum were propagated from foliar cuttings, and Sassafras albidium was propagated from root cuttings collected from wooded areas in York County, PA. We made the assumption that foliage from young seedlings grown from seed and tissue derived from cuttings are comparable with regard to P. ramorum sporangia production capacity, based on results with rhododendron (unpublished).
Four isolates of P. ramorum were utilized for inoculation: OR-03-74-1 (Clackamas Co., OR; Pieris japonica); Cam5C (Stanislaus Co., CA; Camilla sasanqua 'Bonanza'); WSDA 1741 (King Co., WA; Rhododendron 'Jean Marie'); and Pr-52 (Santa Cruz Co., Felton, CA; Rhododendron 'Gomer Waterer'). P. ramorum was cultured on 20% V8-juice agar medium (200 ml V8 juice, 2.4 g CaCO 3 , 20 g agar, 800 ml distilled water). Sporangia were produced by incubating plugs removed from 10-day-old cultures in 1% sterile soil extract for 72 h at 20°C. Sporangia from four isolates were combined and total concentration adjusted to 4,000 sporangia/ml. Plants were lightly misted with the sporangia suspension using a 480-ml-capacity industrial spray bottle (Lab Safety Supply, Janesville, WI) and then placed in dew chambers at 20°C in darkness. In each set of experiments, six plants from each of three species were inoculated along with several plants of Rhododendron 'Cunningham's White' that served as susceptible controls. Experiments were repeated until all species had been tested three times for a total of 18 plants per species, with a few exceptions due to limited availability of plants. Two experiments only were performed with K. latifolia 'Hoffman's Pink' and K. latifolia 'Hoffman's K' in replicates of 5, and two experiments with S. albidium in replicates of 3 due to limited availability. Following 5 days incubation in dew chambers, plants were removed and immediately rated for disease. Visual ratings of the percentage of each leaf (or leaflet for species with compound leaves) containing P. ramorum lesions were made with the assistance of a plant disease assessment key (17) . Each leaf/leaflet was assigned a value for percent diseased leaf area. Several isolations from diseased leaf/leaflet tissue of each species were plated onto PARP selective medium (18) modified to contain 4% V8 juice, to confirm the presence of P. ramorum. The plants were then used to determine the potential for each species to support production of sporangia and chlamydospores by P. ramorum. Sporangia production. Following 5 days dark incubation in dew, 3 plants per species were transferred to a mist chamber located in a climate-controlled greenhouse held at 20°C. The leaves/leaflets on one branch per plant were positioned over a nitex mesh fabric (Sefar America, Inc., Depew, NY) screen with 15-µm openings, which was supported by a cylinder cut from 8-in-diameter Schedule 40 PVC pipe. The fogging mist nozzles in the chamber were programmed to activate for 10 s every 4 min. The mist produced was sufficient to keep the foliage moist and also to gently wash sporangia produced on the leaves onto the 15-µm nitex mesh screens. With some species, diseased leaves dropped readily, so detached leaves/leaflets were positioned in screens with abaxial surfaces facing up. Dehisced sporangia were harvested from screens 3 times per week and washed into 50-ml centrifuge tubes. Most sporangia appeared intact and not empty or spent. The volume was raised to 30 ml with distilled water, and the sporangia concentration in 3/500 µl aliquots from each sample was determined. The sporangia suspension was transferred to 60 × 15 mm petri dishes placed atop a 3-mm grid printed on an acetate sheet, and sporangia were counted at ×40 magnification under dark field optics on a dissecting microscope. Following the 7-day harvest of sporangia, leaves were collected, scanned, and lesion area determined with ASSESS software (21) . Data are the mean total number of sporangia produced in 7 days/cm 2 lesion area and also per leaf/leaflet.
Chlamydospore production. The number of chlamydospores produced in 6-mm leaf disks (0.28 cm 2 ) was first evaluated in disks incubated in sporangia suspension. Leaf disks were removed from leaves that had first been surface-sterilized with 0.6% sodium hypochlorite. Twelve leaf disks per species were transferred to 60 × 15 mm petri dishes. One ml of a 4,000 sporangia/ml suspension was added along with 3 ml of distilled water. Leaf disks were incubated in the sporangia suspension at 20°C for 10 days in darkness, at which time the liquid was replaced with distilled water and disks were left to incubate for another 20 days. Chlamydospores observed within the upper and lower leaf surfaces with a dissecting scope were counted. Three sets of 12 leaf disks were inoculated and assessed per species.
Three additional treatment regimes were employed for each set of inoculations to assess chlamydospore production on each host, for a total of three runs per plant species. Three plants from each pathogenicity screening were utilized in these chlamydospore evaluations. Leaf disks were removed from infected leaves following three different treatments: (i) 5 days dew, (ii) 5 days dew followed by 3 weeks in a greenhouse, and (iii) 5 days dew followed by 7 days in mist. For the first treatment (i), after 5 days in dew and completion of visual ratings for disease, 12 disks were removed from foliar lesions on each plant and transferred to glass vials containing 10 ml of distilled water. Leaf disks were incubated for 3 weeks at 20°C and then fixed in 3 parts ethanol : 1 part glacial acetic acid (GAAE). For the second treatment (ii), following removal of leaf disks for the first chlamydospore evaluation, the same three plants were transferred to a greenhouse bench. Three weeks later, 12 leaf disks were removed from foliar lesions on each plant. Previously sampled leaves were removed from plants so that additional sampled disks came from previously unsampled leaves. When diseased leaf tissue was found to be dry and brittle, it was first rehydrated by soaking in distilled water for several hours prior to sampling. Leaf disks were then fixed with GAAE. For the third treatment (iii), 12 leaf disks were removed from diseased leaf tissue on those plants used for the determination of sporangia production (5 days in dew chambers followed by 7 days in a mist tent), transferred to vials, and fixed in GAAE.
After leaf disks had been collected and fixed, phenolic materials remaining in leaf disks were cleared by submersion in a 10:1 solution of 3% hydrogen peroxide and 20% ammonium hydroxide for up to 24 h. Leaf disks were then transferred to a lactophenol solution to soften tissue. Twentyfour hours prior to examination, leaf disks were immersed in a cotton blue/lacto- a One branch per plant was positioned over a 15-µm nylon mesh screen under mist, and sporangia were harvested from screens 3 times over a 7-day period following a 5-day incubation in dew chambers at 20°C, totaled, and counts were adjusted by diseased leaf area. b Three plants were held under mist for sporangia collection following a 5-day incubation in dew chambers at 20°C in each of 3 experiments with the exception of K. latifolia (2 runs with 5 plants each) and S. albidium (2 runs with 3 plants each). With other species, when n < 9 it is due to low infection levels by P. ramorum.
phenol solution. Leaf disks were examined at ×200 magnification using differential interference contrast optics, and the total number of chlamydospores in each leaf disk was counted. For each species, 12 leaf disks from each of three runs and three different time periods were evaluated for chlamydospore production. The epidermis was peeled off of leaf disks first softened in lactophenol to facilitate observations of chlamydospores in Kalmia species. The leaf disk sections were arranged on microscope slides with the interior section facing up. Chlamydospores were counted as described above. Statistics. Analysis of variance (34) was used to analyze differences in infection levels and production of sporangia and chlamydospores among plant species. Means were compared using Tukey's studentized range test.
RESULTS
P. ramorum was isolated from foliar lesions on all species. Good foliar infection resulted on 'Cunningham's White' rhododendron (93% of leaves infected, mean lesion area of 17.
Sporangia production. Sporangia were produced by P. ramorum on all 25 species of plants tested during a 7-day incubation under mist. P. ramorum produced more sporangia per cm 2 leaf area on Amelanchier canadensis, Cornus florida, and Robinia pseudoacacia than were produced on the susceptible control S. vulgaris. Species was a significant factor (P < 0.01) affecting spore production levels that ranged from a high of 2,001 sporangia/cm 2 lesion area produced by P. ramorum on R. pseudoacacia to a low of 36 sporangia/cm 2 produced on Myrica pennsylvannica (Table 2). Other species on which high levels of sporangia were produced relative to 'Cunningham's White' rhododendron included L. japonica, R. typhina, R. multiflora, and S. albidium. Regression analysis was used to examine the relationship between mean lesion area and sporangia production for the plant species evaluated. A linear relationship was observed (P = 0.0568) with an r 2 value of 0.1431 when all species were included in the analysis (Fig. 1A) . When the two K. latifolia genotypes were excluded from the analysis (Fig. 1B) , a stronger linear relationship was observed (P < 0.001) with an r 2 value of 0.524.
Chlamydospore production. For leaf disks removed from plants and incubated in a sporangia suspension for 10 days followed by distilled water for 20 days, significant differences among plant species were observed for chlamydospore counts from the upper and lower surfaces of leaf disks as well as for total counts (P < 0.01). Chlamydospores were produced within all species listed in Table 3 ; with R. typhina, Cercis canadensis, Cornus florida, S. albidium, and R. multiflora containing the largest quantity (493.6 to 388 per leaf disk [0.28 cm 2 ]). Chlamydospores could not be observed in K. latifolia incubated in sporangia suspension due to the thickness and dark coloration of the leaves, and attempts to count chlamydospores by sectioning the leaf disks were unsuccessful.
Chlamydospore levels in leaf disks were significantly affected by the treatment of plants (P < 0.01) prior to leaf disk harvest: (i) 5 days in dew chambers followed by 3 weeks in distilled water; (ii) 5 days in dew chambers followed by 7 days in a mist chamber; (iii) 5 days in dew followed by 3 weeks in a greenhouse. Significant effects were observed among plant species (P < 0.01) and for the interaction of treatment and species (P < 0.01). When disease levels were low, sample sizes by necessity were less than 36 leaf disks (Table 4) . Maximum chlamydospore production of 188 and 154/0.28 cm 2 lesion area was observed on S. vulgaris and R. typhina, respectively, when disks were harvested from diseased tissue and incubated in distilled water for an additional 3 weeks. All Fig. 1 . Graphical representation of the relationship between mean lesion area (over all experiments) and sporangia production (mean total count over 7 days) for Eastern U.S. understory plant species inoculated with a mixture of four isolates of Phytophthora ramorum. Data points are indicated using an abbreviation for genus and species (see Table 1 ). A, Kalmia latifolia 'Hoffman's K' and 'Hoffman's Pink' included in analysis. B, K. latifolia 'Hoffman's K' and 'Hoffman's Pink' excluded from analysis. species, with the exception of L. japonica, sustained some level of chlamydospore production by P. ramorum with this treatment.
When plants were transferred to a mist chamber for 7 days following 5 days in dew, chlamydospores were produced by P. ramorum on all species except Cornus amomum, L. japonica, R. pseudoacacia, and S. rotundifolia. There was insufficient diseased tissue to evaluate chlamydospore production in R. allegheniensis.
When plants were incubated for 3 weeks in a greenhouse following 5 days in dew chambers (Table 4) , chlamydospore production was reduced compared to the other plant treatments, with the greatest quantity-14 spores/0.28 cm 2 lesion areaproduced on R. typhina. Chlamydospores were not observed in disks harvested from A. canadensis, C. florida, C. racemosa, Ilex verticillata, L. japonica, Prunus serotina, S. albidium, Sambucus canadensis, or S. rotundifolia. Diseased leaf tissue of R. allegheniensis was not available for examination for chlamydospores due to low levels of disease. R. pseudoacacia sustained high levels of leaf abscission soon after inoculation, making it impractical to attempt to quantify chlamydospore production in plants held in a greenhouse. Diseased leaf tissue from K. latifolia was also unavailable since all plants were transferred to a mist chamber for sporangia collection.
DISCUSSION
We observed a wide range of susceptibility among the understory species tested. High levels of infection, as evidenced by lesion area, were observed in P. serotina and R. multiflora, but not in R. allegheniensis-another member of Rosaceae. In the family Lauraceae, of which California bay laurel (U. californica) is a member, S. albidium appeared to be moderately susceptible, with 56.5% leaf area infected, whereas Lindera benzoin exhibited little susceptibility (3.6%). We also observed varying levels of disease establishment among species within a genus. C. florida was much more susceptible to infection by P. ramorum (70% leaf area infected) compared to the other Cornus species tested (1 to 7% leaf area infected). Likewise, in the genus Lonicera, the native honeysuckle (L. sempervirens) was susceptible to infection (17.7% leaf area infected), whereas Japanese honeysuckle (L. japonica) was relatively resistant (0.4% leaf area infected). Tubajika et al. (41) noted a large variation in disease incidence among genera and cultivars within a genus with regard to Camellia, Rhododendron, and Viburnum. In our study, plants commonly found along the forest edges, including R. pseudoacacia, R. typhina, and S. albidium, all displayed high levels of foliar infection, whereas L. japonica, R. allegheniensis, and S. rotundifolia were largely resistant. Although disease levels were low for Asimina triloba and C. canadensis, the high numbers of lesions observed (data not shown) suggest that an extended period of moisture may result in substantially higher levels of disease than reported here. Foliar infection of R. allegheniensis and S. rotundifolia could often be traced back to small wounds that occurred during transport and handling of plants. Therefore, disease levels reported here may overestimate the susceptibility of these plants to infection by P. ramorum. While the percent leaf area infected value was low for many of the plant species tested, it is worth noting that 18 out of the 25 plant species tested exhibited disease symptoms on >80% of their leaves, demonstrating that P. ramorum is capable of infecting a wide range of plants commonly found in eastern forests.
Symptoms of disease on most species tested were discrete dark brown to black lesions, often coalescing to cover large areas of leaves, which are characteristic of infection by P. ramorum (7) . On some species, including S. canadensis, C. amomum, C. racemosa, and R. multiflora, diseased leaf tissue appeared water-soaked. Upon removal from dew, these lesions quickly dried and shriveled. Infection was limited primarily to leaf tips in C. amomum and C. racemosa, and leaf tips and margins in S. canadensis as observed for California bay laurel and some other hosts (7) . This may act in a way as to restrict petiole infection and leaf drop.
Foliar infection often involved vascular tissue in A. rubrum, and occasionally in C. canadensis. Black droplets were observed to collect on the underside of foliar lesions of Lonicera species, Lindera benzoin, and A. rubrum in dew chambers. Diseased leaves on R. multiflora and R. pseudoacacia quickly abscised following infection. K. latifolia and S. vulgaris also tended to drop diseased leaves. Petiole infection was only observed in K. latifolia and 'Cunningham's White' rhododendron. Following 5 days in dew, half of the plants were transferred to a greenhouse bench equipped with drip emitters. There was no evidence of lesion expansion over the next 3 weeks on any of the species. Diseased leaf tissue often appeared dry and brittle, or crumbling. Based on these observations, it appears that wetting of foliage in the form of rain or condensation is necessary, not only for the spread of disease to uninfected plants, but also for lesion expansion on infected plants.
Commonly found forest species supporting the production of large numbers of sporangia by P. ramorum included R. pseudoacacia, C. florida, S. albidium, R. multiflora, and R. typhina. Sporangia production was observed even on plants with little susceptibility to P. ramorum such as L. japonica, R. allegheniensis, and S. rotundifolia-a plant that required wounding for infection to occur. Surprisingly, the number of sporangia produced on L. japonica per cm 2 lesion area was not statisti- a Leaf disks (6 mm diameter, 0.28 cm 2 ) were inoculated by placing in a suspension of 1,000 P. ramorum sporangia for 10 days followed by 20 days incubation in distilled water at 20°C. Data are means of 36 leaf disks (3 replications of 12 leaf disks). Chlamydospore counts in K. latifolia incubated in sporangia suspension were precluded by the thickness and dark coloration of the leaves.
cally different from that produced by P. ramorum on R. pseudoacacia-the species that supported production of the highest number of sporangia. However, since disease levels were low and lesions small on L. japonica, sporangia production by P. ramorum on this species would be expected to be quite low. This illustrates the necessity for moderating predictions of sporangia production by expected infection levels (percent leaf area infected). C. florida supported production of significantly more sporangia than did the other Cornus species tested and exhibited much higher levels of disease. While K. latifolia did not support production of copious amounts of P. ramorum sporangia, when one considers the high level of foliar infection (nearly 100% of leaf area diseased), there exists the potential for large numbers of sporangia to be produced on infected plants during a rain event. Numbers of sporangia produced per cm 2 lesion on the understory hosts we tested are in agreement with those determined by Moralejo et al. (26) on detached leaves of Mediterranean plant species, which ranged from 0 to 552.
Chlamydospore production was observed in all species evaluated when leaf tissue was incubated in a sporangia suspension, even in those species exhibiting low susceptibility to P. ramorum. For example, R. allegheniensis that had low levels of foliar infection produced a large number of chlamydospores, similar to that of R. multiflora. Chlamydospores were also produced in all plant species (with the exception of L. japonica) when diseased leaf tissue was removed from plants following 5 days in dew chambers and then incubated in water for 3 weeks. Twelve days incubation (5 days in dew followed by 7 days in mist) was sufficient for chlamydospores to be produced in 20 of 24 species tested. Chlamydospores were not evenly distributed throughout disks removed from diseased leaf tissue, so caution should be advised when estimating total chlamydospore production based on the number of chlamydospores observed in several subsamples. When plants were removed from dew chambers, foliar lesions often dried out and crinkled up within an hour or two, especially on younger leaves. It is likely that the rapid and extreme desiccation (induced by a reduction in relative humidity from 100% to 30 to 40%) experienced by diseased leaf tissue upon removal from dew prevented or reduced the level of chlamydospore production in plants maintained in the greenhouse. Since we were unable to observe natural infections on these plants, we do not know if the severe drying of infected foliage we observed occurs in nature. Whether the propensity of diseased leaves to abscise in some species such as R. pseudoacacia and R. multiflora will reduce or eliminate the potential for spore production is also unknown. However, Shishkoff (35) demonstrated that segments of diseased S. vulgaris leaf tissue resting on the surface of potting medium produced inoculum that resulted in subsequent root infection. So, while moist conditions persist, detached leaves may continue to support production of sporangia and/or chlamydospores that have the potential to initiate new infections.
C. florida, R. pseudoacacia, S. albidium, S. vulgaris, and V. dentatum were found to be highly susceptible to P. ramorum, with all plants displaying a high percentage of leaves infected, large lesion areas, and high numbers of sporangia produced per cm 2 lesion area. Linderman et al. (22) obtained detached leaf screening results for the following species that were also used in the present study: A. rubrum, C. amomum, C. florida, L. benzoin, P. serotina, R. typhina, and S. canadensis. Techniques differed in that leaves were wounded prior to inoculation, which may provide the pathogen with an artificial means of entry into host tissue. Also, they inoculated some leaves with mycelial plugs, which represents an unnatural form of inoculum. There were some discrepancies in results between the two studies, perhaps due to the different methods of inoculation used. Both studies found C. florida to be highly susceptible to P. ramorum, P. serotina moderately susceptible, and A. rubrum and C. amomum with low susceptibility. However, Linderman et al. (22) found with detached leaf studies that L. benzoin, R. typhina, and S. canadensis showed significantly higher levels of susceptibility than we observed in these species using whole plants. Detached leaf studies have been used by several additional workers to assess susceptibility of various hosts to P. ramorum (9, 14) . Results of detached leaf studies should be interpreted carefully and checked against ratings obtained on whole plants, as higher susceptibility ratings in detached leaves could result because leaves have been removed from the plant and are under physiological stress when tested. Wounding prior to inoculation also may affect screening results. Kaminski and a Plants were spray-inoculated with 4,000 sporangia/ml and incubated in dew chambers for 5 days at 20°C. Data are means of 36 6-mm-diameter leaf disks (3 replications of 12 disks per experiment) unless disease levels were low (n noted in parentheses). Thus, the few existing lesions were used in the first two treatments. Some species also dropped their leaves in the greenhouse and could not be evaluated after 3 weeks. K. latifolia was not evaluated for the 5 days dew, 3 weeks greenhouse treatment because all plants were used in assessment of sporulation capacity. b Disks were removed from diseased leaf tissue following 5 days in dew chambers, placed in vials filled with distilled water, incubated for 3 weeks at 20°C, and then fixed for microscopic observation. c Plants were held under mist for 7 days following 5 days in dew chambers. Disks were removed from diseased leaf tissue and fixed for microscopic observation. d Plants were transferred to a greenhouse bench for 3 weeks following 5 days in dew chambers. Disks were removed from diseased leaf tissue, rehydrated when necessary, and fixed for microscopic observation.
Wagner (19) observed significantly greater necrosis in wounded versus nonwounded tissue of three of the plant species they tested for susceptibility to P. ramorum. Multiple factors must be considered when attempting to determine the overall susceptibility of a given species to P. ramorum. Both susceptibility, in terms of lesion areas produced on host tissue, and density of sporangia produced must be considered (25) . Figure 1 shows the relationship between susceptibility (lesion size) and sporulation capacity of P. ramorum on the plant species we evaluated. It is clear that for some hosts, such as K. latifolia (mountain laurel), P. ramorum shows high virulence in terms of lesion area, but low sporulation capacity. This host is unusual in the very high amount of lesion tissue, leaf drop, and plant death sustained following inoculation with P. ramorum. For this reason, this host is considered to be one of the most susceptible species present in Eastern oak forests. Yet leaf drop and plant death following infection with P. ramorum would make this a less successful host overall in terms of supporting the pathogen than a species such as Japanese honeysuckle, which sustains much smaller lesions, but which supports profuse sporulation. Other hosts such as C. florida (flowering dogwood) and S. vulgaris (common lilac) show high susceptibility both in terms of lesion area and pathogen sporulation capacity. It may be that susceptibility in terms of lesion area could be a good measure for inspectors looking for first occurrences of P. ramorum in new areas, as these would be the species on which the pathogen would likely first be spotted. However, in terms of overall impact on the forest ecosystem, measures of overall sporulation as well as host density need to be taken into account for an adequate determination of the potential impact of P. ramorum to be made (20) . Davidson et al. (8) discussed the theory of Woolhouse et al. (47) that suggests that evolution of virulence on a certain host may be inversely related to the reproduction capacity on the host. Woolhouse et al. (47) discuss the trade-off between virulence and transmissibility for single-host versus multihost pathogens. They indicate that theory suggests no simple rule as to whether multihost pathogens will be more or less virulent than single-host pathogens. Our data support this suggestion, in that we found that the understory hosts we tested varied substantially in their ratios of pathogen virulence (lesion areas) to sporulation capacity. However, a significant linear response was observed between lesion area and sporulation capacity, indicating that hosts that sustained greater lesion areas also supported more profuse sporulation on a per unit area basis. When K. latifolia was excluded from the analysis due to its unusual leaf drop/plant death response, an even stronger linear response was observed (P < 0.001).
An additional epidemiological consideration resulting from our work is the finding that all the hosts tested supported chlamydospore production in varying amounts (Table 3 ). The role of chlamydospores in contributing inoculum to forest epidemics has not been clearly established. Thus, it is uncertain how much impact the ability to produce large numbers of chlamydospores in host tissue has on the overall contribution of a particular host species to additional epidemic cycles. However, our results do indicate that since all plant species tested allowed production of chlamydospores, all would have some chance of increasing pathogen survival under adverse environmental conditions.
We hope that our results will enhance efforts to monitor Eastern U.S. forests for the presence of P. ramorum should it be introduced (27, 37) , assist in survey efforts by providing information about which species in a given region may be most susceptible and thus likely to show symptoms of P. ramorum, and be useful for predictive purposes as well. Some of the sporulation data from these studies have been used in recent risk mapping efforts (20) based on the distribution of the understory species in Eastern forests. The range of the host species included in such models must play an important part in such predictive efforts, as a host with low sporulation could still provide substantial amounts of inoculum to infect mature forest species if that host is widely distributed in a given forest ecosystem. Additional understory species should be examined in the future to determine levels of susceptibility both in terms of lesion areas and sporulation of P. ramorum, enabling them to be evaluated for their ability to play a part in potential epidemics of sudden oak death that may occur in Eastern forests.
